Ab st rac t . Sp rout y p rot ei ns a r e mo du lat or s of mitogen-induced signalling processes and are therefore hypothesized to affect malignant diseases. As a member of the Sprouty family, Sprouty4 has been previously shown to function as a tumour suppressor in lung and breast cancer. The present study analysed the expression of two known Sprouty4 splice variants in cells established from malignant and normal lung and breast tissues using semi-quantitative reverse transcription-polymerase chain reaction and immunoblotting. The results indicated that the expression of the two messenger RNA (mRNA) variants was reduced in the cells derived from malignant tissue in comparison to the normal counterparts. Although the expression of the two splice variants were associated in both tissue types, on average, the relative expression of the longer variant was slightly increased in malignant cells compared with normal tissues. Notably, the protein levels reflected the expression observed at the mRNA level only in breast-derived cells. Contrarily, with regards to the measured mRNA levels, Sprouty4 protein was disproportional augmented in lung cells known to harbour the mutated K-Ras gene.
Introduction
The alteration of important molecules involved in signal transduction is a common characteristic of all malignant cells (1) . The mitogen activated protein kinase (MAPK) pathway, which is crucially involved in balancing cell death and differentiation on one side and proliferation and migration on the other, is one of the best described signalling routes that is deregulated in cancer (2) . Due to the vital role of the MAPK pathway, numerous feedback loops are present to allow a fine-tuning of signal intensity and duration (3) . Certain molecules acting in such a regulatory loop are the members of the Sprouty (Spry) protein family. First discovered in Drosophila (4, 5) , the Spry proteins counteract processes induced by the presence of various growth factors. In humans, 4 Spry family members are known; all of which share a conserved Spry domain at the C-terminus and 2 homolog N-terminal boxes (6) . As indicated by knockout studies in mice, the functions of Sprouty proteins overlap but are not redundant (7) (8) (9) (10) . Although Spry1, Spry2 and Spry4 can be detected in all organs, their expression pattern in the various cell types is clearly distinguishable (11) . Like in Drosophila, mammalian Spry proteins interfere with signal transduction, particularly in the MAPK pathway, in response to various mitogens, such as the members of the fibroblast growth factors (6) . In contrast to Drosophila, in mammalian systems, signalling activated by epidermal growth factor is increased with augmented Spry expression. Therefore, the Spry proteins in humans are generally considered as modulators of signal transduction (12) . Accordingly, dependent on the tumour type, Spry proteins are found to fulfil multiple roles in cancer. For example, Spry2 has been indicated to function as an oncogene in colon cancer (13, 14) and Spry1 has a tumour promoting role in rhabdomyosarcoma (15) . However, Spry proteins have been primarily shown to suppress the tumorigenic process (12) . Spry2 is a tumour-suppressor in lung (16) , prostate (17, 18) , breast (19) , liver (20) and ovarian cancer (21). In addition, Spry1 has also been identified as negative regulator of cancerogenesis in numerous types of tumour, including breast (19) , prostate (22) and ovarian cancer (23) . Although Spry4 has been less intensively studied in comparison to Spry2 and Spry1, the literature documents that the likelihood of Spry4 to act as a tumour suppressor may be dependent on the cancer origin. Spry4 has previously failed to significantly influence malignant phenotypes in cancer originating from the bones (24) , ovary (21) or pancreas (25) , while it fulfils all features of a tumour suppressor when the cancer has developed from lung (26) or breast tissue (27) cells. This includes an overall decrease in Spry4 expression in cancerous tissues compared with the normal tissue counterparts (26, 28) . However, the mechanisms responsible for this decreased expression are required to be elucidated.
The gene encoding Spry4 is localized on chromosome 5q and is organized in 3 exons (29) . Due to alternative splicing, two messenger RNA (mRNA) variants can be generated. Spry4.1 is missing the second exon, while the longer variant Spry4.2 consists of all 3 exons, and the two variants are shown to be expressed in most organs (30) . Since alternative splicing is often involved in modulating gene expression and function during the cancerogenic process, the present study aimed to analyse the expression pattern of the two Spry4 variants in breast and lung cancer-derived cells.
Materials and methods
Cell culture. All lung adenocarcinoma-derived (Calu3, Calu6, A549, A427 and SKLU-1) and breast cancer-derived (MDA-MB231, BT20, MDA-MB468, ZR-75, MCF7 and SKBR3) cell lines were purchased from American Type Culture Collection (ATCC; Rockville, MD, USA). The squamous cell carcinoma-derived cell lines (VL-7, VL-8 and VL-10) were established at the Institute of Cancer Research, Comprehensive Cancer Center in the Department of Medicine I, Medical University of Vienna (Vienna, Austria) (31) . Of the lung cancer-derived cell lines, 3 (A549, Calu6 and A427) were known to harbour K-Ras mutations (16) . Additionally, the embryonic lung fibroblasts (WI-38) and the fibrosarcoma-derived HT-1080 cell line were obtained from ATCC. All the cells were maintained in Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal calf serum (FCS; Thermo Fisher Scientific, Inc.), penicillin (100 units/ml) and streptomycin (100 µg/ml) at 37˚C in 7.5% CO 2 . Primary normal human mammary epithelial cells (nHMECs) were purchased from Thermo Fisher Scientific, Inc. and normal human bronchial epithelial cells (nHBEpCs) from Pelobiotech GmbH (Planegg, Germany). These cells were maintained according to the providers' recommendations.
Reverse transcription-polymerase chain reaction (RT-PCR).
RNA was extracted as previously described (32) . Total RNA (3 µg), random hexamers (100 ng) and moloney-murine leukemia virus reverse transcriptase were used to generate of complementary DNA, according to manufacturer's protocol (Promega, Madison, USA). Semi-quantitative PCR was performed as previously described (31) . For Spry4.1, the primer 5'-CCC GGC TTC AGG ATT TAC -3' (forward) was used, and for Spry4.2, the primer 5'-AGC CTG TAT TGA GCG GTT TG-3' (forward) was used. The primer 5'-GCT GGA CCA TGA CTG AGT TG-3' (reverse) was used for the two variants. As a control for standardisation, β-microglobulin levels were measured using the following primer pair: 5'-ACCCCAACT GAAAAAGATGA-3' (forward) and 5'-ATCTTCAAACCT CCATGATG-3' (reverse). The thermocycling conditions were as follows: Initial denaturation step at 95˚C for 2 min, followed by different numbers of cycles (30 and 33 cycles for Spry4.1, 35 and 38 cycles for Spry4.2 and 30 cycles for β-microglobulin) consisting of 95˚C for 30 sec, annealing at 58˚C for 30 sec and extension at 72˚C for 1 min. The PCR reaction was terminated with a final step at 72˚C for 5 min. For analysis, the PCR products were separated by polyacrylamide gel electrophoresis, stained with ethidium bromide and scanned using the Gel Doc™ XR Imaging System (Bio-Rad Laboratories, Hercules, CA, USA). Quantification of the obtained signals was performed using Image Quant 5.0 software (GE Healthcare Life Sciences, Chalfont, UK). β-microglobulin was used to standardise the RNA input. For normalisation, RNA of an arbitrarily chosen, external cell line (HT-1080) was included in each experiment and set as 1 (31) .
Immunoblot. Protein levels were determined and extracted as previously described (33) . Immunoblotting was carried out using affinity-purified antibodies against Spry4 (1:100) that were generated as previously described (30) . Antibodies against glyceraldehyde 3-phosphate dehydrogenase (GAPDH; clone, G-9; mouse monoclonal; catalog no., sc-365062; 1:30,000; Santa Cruz Biotechnology Inc., Dallas, TX, USA) and horseradish peroxidase-coupled sheep anti-mouse (catalog no., NA931; 1:5,000) and donkey anti-rabbit (catalog no., NA934; 1:5,000) IgG secondary antibodies (GE Healthcare Life Sciences) were also used.
Statistical analysis. All data were presented as the mean value ± standard error of the mean. GraphPad Prism 5 software (GraphPad Software Inc., La Jolla, CA, USA) was used to perform all statistical analyses. Expression differences were calculated using an unpaired Student's t-test. Associations were analysed assuming a Gaussian population. P<0.05 was considered to indicate a statistically significant difference.
Results

Expression of Spry4.1 and Spry4.2 in breast-derived cells.
In order to analyse the expression pattern of the two reported Spry4 splice variants, RNA from 6 breast cancer-derived cell lines and nHMECs was isolated. Using RT-PCR, the levels of the two Spry mRNA variants were determined. As depicted in Fig. 1 , both Spry4 variants are expressed in all investigated cell lines. Compared with the levels detected in the non-malignant nHMEC cells, Spry4.1 expression in MDA-MB231 was elevated by approximately 2-3 fold. In all other breast tumour cell lines, the levels of the Spry4.1 variant were reduced by a third (BT20, MDA-MB468, ZR-75) or even a fifth (MCF7, SKBR3) (Fig. 1A) . The longer Spry4 variant (Spry4.2), which includes exon 2, demonstrated similar results to the Spry4.1 variant, as the expression levels were decreased in all tumour-derived cell lines with the exception of MDA-MB231, although the differences were less pronounced (Fig. 1B) . Consequently, the statistical analysis revealed that expression patterns of Spry4.1 and Spry4.2 are associated.
These data indicate that the mechanisms involved in repression of Spry4 mRNA during malignant transformation of breast cells may not discriminate between the two Spry4 variants.
Expression of Spry4.1 and Spry4.2 in lung-derived cells.
In addition to its involvement in breast cancer (27) , Spry4 has also been shown to function as a tumour suppressor in lung cancer (26) . Therefore, the present study subsequently analysed the expression of each Spry4 variant in lung cancer-derived cell lines and compared the determined levels with those evaluated for nHBEpCs. The nHBEpCs were observed to express significantly more of the two Spry4 variants ( Fig. 2A and B) . Analysis of the Spry4.1 expression revealed that all tumour-derived cell lines irrespective of their histological subtype and the occurrence of K-Ras mutations show reduced Spry4 levels ( Fig. 2A) . Additionally, Spry4.1 levels determined for the lung adenocarcinoma-derived cell lines (Calu3, Calu6, A549, A427 and SKLU-1) were significantly increased compared with the levels measured in squamous cell carcinoma cell lines (VL-8, VL-7 and VL-10). Analogue to the Spry4.1 variant, Spry4.2 mRNA levels in nHBEpCs were increased compared with the levels measured in the embryonic lung fibroblasts (WI-38) and in the majority of the tumour-derived cell lines. Only A427 and SKLU-1 had levels comparable to the normal counterpart (Fig. 2B) . Hence the expression levels of the Spry4 splicing variants are also significantly associated in lung-derived cells (Fig. 2C) . Therefore, the two Spry4 variants are hypothesized to be co-regulated.
Comparison of Spry4 mRNAs with protein levels in breast-derived cells. The second step of gene expression is the conversion of the mRNA to the protein. Due to numerous regulative processes, the patterns measured at the RNA level are not always reflected at the protein stage. In the case of Spry4 expression in breast-derived cells, the protein levels determined by immunoblotting were similar to those determined in RT-PCR. In nHMECs, Spry4 was found to be more abundant compared with all other breast cancer-derived cell Using GraphPad Prism 5 software, the association was calculated. In addition to the P-value summarizing all lung cells, the P-value excluding the K-Ras mutated cell lines is indicated. Spry, sprouty; mRNA, messenger RNA; nHBEpC, normal human bronchial epithelial cell; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; p, P-value for all lung cells; p#, P-value excluding K-Ras mutated cell lines. (Fig. 3A and B) . Although the protein levels were associated with the expression of the two Spry4 variants, the differences were more similar to the amounts of Spry4.1 measured (Fig. 3C and D) . This comparison suggests that the mechanisms regulating Spry4 gene expression subsequent to mRNA production are not involved in the malignant transformation process of breast cells.
Comparison of Spry4 mRNAs with protein levels in lung-derived cells. Determination of Spry4 protein levels in lung-derived cells revealed that only the squamous cell carcinoma-derived cell lines have clearly decreased Spry4 protein levels compared with nHBEpCs ( Fig. 4A and B) . Two of the cell lines (Calu6 and A427) expressed definitively higher levels of Spry4 compared with nHBEpCs (Fig. 4A) . The protein expression levels of the other adenocarcinoma cells were comparable to those measured in nHBEpC cells (Fig. 4A and B) . This is in clear contrast to the observations made at mRNA level (Fig. 2) . Accordingly, the expression pattern of Spry4 protein, Spry4.1 (Fig. 4C ) and Spry4.2 ( Fig. 4D) are not associated. Notably, the two cell lines (Calu6 and A427) showing clear elevated Spry4 protein expression are known to harbour an activating K-Ras mutation. Although the Spry4 protein levels in the third cell line with a mutated K-Ras, A549, are only comparable to the levels measured in normal cells, the protein expression is relatively high considering that the mRNA levels are decreased by half compared with that of the normal cells (compare Fig. 2A and B with Fig. 4B ). If only the cells with an unaltered K-Ras are analysed, the protein levels are least significantly associated with the Spry4.2 variant. These results indicate that a constitutive signal transduction via K-Ras may affect the mechanisms involved in modulating Spry4 protein levels.
Discussion
During cancer development, signalling transduction cascades are often targeted by various alterations. Spry proteins modulate the intensity and duration of the transmitted signals within such cascades, and therefore are important for the tumorigenesis of various tissues. Spry4 has been previously shown to fulfil a tumour suppressive function in lung (26) and breast (27) cancer.
The present study investigated the expression levels of the two known Spry4 mRNA splice variants in cells that were cultured from the normal and malignant tissues of the lungs and breast. All of the cell lines used in the study expressed both forms. In accordance with a previous study (30) , which investigated the Spry4 mRNA forms in various tissues, the shorter Spry4.1 mRNA was the more abundant variant in the present study. With regards to normal cells, expression of the two Spry4 forms was higher in lung-derived cells compared with the breast-derived cells. Although in a previous study the breast tissue was not included, Spry4 expression in the lung tissue was indicated to be increased compared with the majority of other organ tissues (30) .
Furthermore, the present study compared the expression of Spry4 variants in nHMECs with the expression in breast cancer-derived cell lines and found that, with one exception, the expression of both variants was decreased in the malignant cells. In agreement with an earlier study (27) , the Spry4 levels were found to be differentially expressed depending on the subtype. The luminal subtypes of breast cancer demonstrated a decreased expression of the two Spry4 variants compared with the basal subtype. Additionally, the present observations revealed that Spry4 mRNA levels are repressed in malignant lung cells in comparison to their normal counterparts, which reinforces the data from Tennis et al (26) . Supplementary to the observations regarding breast and lung malignancies, repressed Spry4 mRNA levels have already been found in the liver (34) and in approximately half of the prostate cancers investigated (35) .
In a previous study that investigated the Spry4 mRNA variants, qRT-PCR of 20 types of normal tissues showed that the levels of the two Spry4 mRNA variants were associated (29) . Accordingly, in the lung and breast cells used in the present study, a statistically significant association between the short Spry4.1 and the slightly longer Spry4.2 version could be observed. These data indicate that the repression of Spry4 levels in malignant cells is not mainly achieved by alterations to the components that regulate splicing.
The present study also compared the mRNA and protein levels in the investigated cell lines. In breast-derived cells, mRNA and protein expression were associated. Although, to the best of our knowledge, the present study is the first to report that Spry4 mRNA and protein levels are associated across various cell lines that originate from one tissue, a concomitant increase of Spry4 mRNA production and protein expression in response to serum induction of malignant (36) and normal cells (37) has already been reported. Additionally, elevated Spry4 expression following the application of amphiregulin (38) and hypoxia (32) has been observed at the mRNA and protein levels.
The immunoblot analysis confirms that in breast tissues, the Spry4 protein is repressed in the cancer cells compared with their normal cell counterparts. In addition, previous results generated by immunohistochemistry have shown that, in the endometrium, Spry4 is decreased in the malignant tissue compared with normal tissues (39) .
In contrast to the significant association of RNA and protein expression in breast cells, the mRNA levels in lung-derived cells do not determine the amount of Spry4 protein, indicating that posttranscriptional mechanisms have an important affect on Spry4 expression in lung tissue. Earlier observations support that Spry4 expression is also controlled at a protein level, since the amplitude of Spry4 protein increase in response to serum was more intense compared with at mRNA level, and epidermal growth factor-mediated signalling promoted Spry4 protein expression without affecting its mRNA levels (36) . Particularly in cell lines harbouring a mutated version of the K-Ras gene, the Spry4 protein levels were notably higher than expected from the detected mRNA levels. This potentially suggests that one of the components involved in the regulation of the Spry4 at the protein level is controlled by K-Ras-connected pathways.
In conclusion, the presented study shows that, in breast and lung tissues, the expression of Spry4 splice variants is co-regulated, and is repressed in malignant cells. At protein level, the expression of Spry4 may be additionally upregulated by a K-Ras dependent mechanism.
